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Available online xxxxBackground: Gestures are an important part of communication. Patients with schizophrenia present gesture def-
icits that tend to deteriorate in the course of the disease and hamper functional outcome. This gesture deficit has
been associated with motor abnormalities, cognitive impairment, and psychotic symptoms. Unaffected, first-
degree relatives of schizophrenia patients share some subclinical motor and cognitive abnormalities. We
aimed to investigate, whether gesture performance changes with symptomatic improvement in patients, and
to test the longitudinal performance in unaffected, first-degree relatives.
Methods: In this study, we measured gesture performance using a validated test in 33 patients, 29 first-degree
relatives and 38 healthy controls. Measurements were completed shortly after admission and before discharge
in patients. Performance was rated blindly by experts using video recordings of the gesture task. Additionally,
we evaluated cognitive function and psychotic symptoms at both visits.
Results: Gesture performance was poorer in relatives compared to controls and poorer in patients compared to
both relatives and controls. Patients showed an improvement in psychopathology but a significant decrease in
gesture performance at follow-up, while performance in the other groups remained stable. Proportional change
of gesture performance correlated with change of cognitive function in patients, whereas there were no correla-
tions with change of cognitive function in the other groups.
Conclusion:While symptom severity was reduced, the gesture deficit further deteriorated in schizophrenia. The
finding argues for distinct processes contributing to poor nonverbal communication skills in patients, requiring
novel alternative treatment efforts.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).Keywords:
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Nonverbal skills1. Introduction
Gestures are important for communication as they carrymeaningful
information (Cartmill et al., 2012; Goldin-Meadow, 1999). Patients with
schizophrenia exhibit deficits in gesture performance, recognition and
interpretation when compared to healthy controls, affecting overall
communication (Grusser et al., 1990; Troisi et al., 1998; Walther et al.,
2015). Patients misinterpret incidental movements as gestures and
tend to misattribute meaning to gestures more often than healthy con-
trols (Bucci et al., 2008), produce less gestures while speaking (Lavelle
et al., 2013), experience more difficulties registering mismatch ofCenter, University Hospital of
000 Bern 60, Switzerland.
üthrich).
. This is an open access article under
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zophrenia Research, https://dabstract speech and co-speech gestures (Nagels et al., 2019), show
poorer performance in imitation (on demonstrated gesture) of novel,
meaningless (Matthews et al., 2013; Park et al., 2008), transitive (object
related) and intransitive (communicative, symbolic) gestures (Walther
et al., 2013a), aswell as pantomime (on verbal instruction) of meaning-
less, transitive and intransitive gestures (Walther et al., 2013a, 2013b).
Previous studies examining isolated gesture production in schizophre-
nia using the Test of Upper Limb Apraxia (TULIA), a test that measures
imitation and pantomime of meaningless, transitive and intransitive
gestures, demonstrated overall poorer performance in patients during
pantomimeversus imitation, and a relevant deficit in 40–67%of patients
(Walther et al., 2013a, 2013b).
Negative symptoms have been associated with the frequency of co-
speech gestures and imitation of meaningless gestures in schizophrenia
(Lavelle et al., 2013; Matthews et al., 2013; Park et al., 2008). Similarly,the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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and general symptoms, frontal lobe dysfunction, working memory,
motor abnormalities, and conceptual disorganization (Walther et al.,
2020a; Walther et al., 2016; Walther et al., 2015; Walther et al.,
2013a, 2013b). These associations suggest that changes in clinical symp-
tom presentation should be paralleled by changes in gesture
performance.
Conversely, gestural deficits have been observed in clinical high risk
(CHR) adolescents, exhibiting a higher incidence of semantic mis-
matches in co-speech gestures (Millman et al., 2014). Gestural perfor-
mance deficits as measured by TULIA are noticeable in first episode
psychosis, but are more pronounced in multiple episode patients
(Stegmayer et al., 2016b), indicating deterioration over the course of
the illness. However, no significant change in TULIA performance was
observed over the course of 6 months, whereas these gesture deficits
predicted poor functional outcome (Walther et al., 2016). Thus, it re-
mains unclear if cued gesture performance is a relatively stable marker,
only slowly deteriorating over time, or if it is subject to short term
change driven by dynamic fluctuations of psychopathology.
Furthermore, first-degree relatives of patients with schizophrenia,
which are unaffected by psychosis, also exhibit slight deficits or signs
similar to patients, but to a lesser extent. This includes, among other fea-
tures, prospective memory (Saleem et al., 2018), executive function
(Aydin et al., 2017), and emotion recognition (Allott et al., 2015), as
well as, motor abnormalities (Burton et al., 2016; Kent et al., 2020;
Schappi et al., 2018). The conception of schizophrenia as a
neurodevelopmental or neurodegenerative disorder (Knoll et al.,
1998; Rapoport et al., 2012) and the high heritability of the disease
(Cannon et al., 1998) suggest that these deficits represent
endophenotypes – illness associated traits that can be observed in pa-
tients before onset of the disease and in unaffected relatives
(Lenzenweger, 2013). Likewise, gesture performance requires cognitive
andmotor skills, which might be endophenotypes and compromised in
subjects with a genetic risk of psychosis. Therefore, if gesture perfor-
mance does change in patients depending on state psychopathology
and if gesture deficits were present but stable in unaffected relatives,
gesture performance could be a behavioralmarker of psychosis risk, po-
tentially predicting the transition in young subjects at risk for psychosis.
Indeed, while relatives may share gesture impairments with patients,
we would need to know whether there are changes of gesture perfor-
mance over time.
Since gesture deficits have been observed in CHR individuals, be-
come more noticeable over the course of the disease, and can predict
outcome, it is crucial to expand our knowledge about intra-individual
variability and its relation to psychopathology. Consequently, this
study aims to investigate short term changes in gesture performance
and their relation to psychopathology in patients with schizophrenia,
their first-degree relatives and healthy controls. We employed the
TULIA to measure imitation and pantomime of meaningless, transitive
and intransitive gestures.We anticipatedno significant test-retest train-
ing effects, as previous studies reported some learning effects after 48 h
(Walther et al., 2020b), but not after 1 week (Vanbellingen et al., 2020)
in healthy subjects and we planned test-retest intervals to be longer
than 1 week. As gesture performance has been associated with psycho-
pathological factors in schizophrenia, we expected patients' perfor-
mance to change according to changes in symptom presentation, i.e.
gesture deteriorationwith symptom progression. Consequently, we an-
ticipated stable performance in first-degree relatives and controls, for
they present no psychosis.
2. Methods
2.1. Participants
The current study included 33 patients (11 males, 22 females), 29
first-degree relatives (parents, siblings or children; 6 males, 23Please cite this article as: F. Wüthrich, A. Pavlidou, K. Stegmayer, et al., N
symptomatic improvement on poor g..., Schizophrenia Research, https://dfemales), and 38 controls (19 males, 19 females). Patients and controls
were matched for age, gender and education. All participants were
right-handed according to the Edinburgh Handedness Inventory
(Oldfield, 1971) and were native German speakers. Demographic and
clinical characteristics of all participants are presented in Table 1. Writ-
ten informed consent was obtained from all participants, and the study
was approved by the local Ethics Committee (KEK-BE 025/13) and com-
plies with the tenants of the Declaration of Helsinki.
Patients were recruited from the University Hospital of Psychiatry in
Bern, Switzerland, and diagnosed with schizophrenia in accordance to
the structured clinical interview (SCID) and DSM-5 criteria. During the
study, they received treatment as usual, which did not include any spe-
cific therapy to improve communication skills. Most patients received
atypical antipsychotics (N = 26). A minority received typical (n = 3),
a combination of typical and atypical (n = 3), or no antipsychotics (n
= 1). First-degree relatives were contacted by the patients and/or the
Association of Schizophrenia Patients' Relatives in Bern, Switzerland.
Controls were recruited among staff and other volunteers of the com-
munity without any family history of schizophrenia. Exclusion criteria
for all participants were substance abuse (except nicotine), and no his-
tory or currentmedical or neurological disorders associatedwithmove-
ment impairments.
2.2. Assessments
Hand and finger gesture performance for both baseline and follow-
up visits was assessed for all participants using the Test of Upper Limb
Apraxia (TULIA) (Vanbellingen et al., 2010). We pursued a pragmatic
approach with recruitment shortly after admission and follow-up just
before expected discharge of patients. For relatives and controls we
aimed at 2–4week intervals betweenmeasurements. The TULIA perfor-
mance was videotaped and later examined by an independent rater ac-
cording to the TULIA manual. The rater was blind to both the group
membership of the participants and the timing of the tests. The maxi-
mum total score for TULIA is 240 based on 48 items in two different do-
mains: imitation, which requires performance after demonstration by
the examiner, and pantomime, which requires performance following
verbal instruction. Within the two domains, three semantic categories
of gestures are present: transitive (tool or object related), intransitive
(communicative symbolic) and meaningless (novel gestures without
semantic content). Higher score designates superior performance. In
addition, frontal lobe dysfunction, verbalworkingmemory, and psycho-
pathology (in patients only) were assessed using the Frontal Assess-
ment Battery (FAB) (Dubois et al., 2000), Digit Span Backwards (DSB)
(Hilbert et al., 2015), and Positive And Negative Syndrome Scale
(PANSS) (Kay et al., 1987) respectively for both baseline and follow-
up visits.
2.3. Data analysis
Mean TULIA scores for each domain (imitation and pantomime)
were calculated and presented separately for each group (patients,
first-degree relatives and controls) and visit (baseline and follow-up)
using scripts written in R (version 3.6.1). Demographic data were com-
pared using one-way ANOVA. Statistical analysis of the mean TULIA
scores, FAB and DSB were carried out using repeated measures
ANCOVAs covaried for age and gender. Antipsychotic medication (in
chlorpromazine equivalents, CPZ), PANSS total and subscale scores
were compared between visits in patients using paired t-tests. In addi-
tion,we calculated the proportional change of participants' TULIA scores
between the two visits and correlated them with the proportional
change of FAB and DSB across all groups and CPZ and PANSS in patients
using Pearson partial correlations in Rwith age and gender as covariates
(follow-up/baseline; higher numbers of proportional change indicate
improvement in TULIA, FAB, DSB anddeterioration in PANSS). Addition-
ally, we correlated time to follow-upwith proportional change of TULIAonverbal communication remains untouched: No beneficial effect of
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Table 1
Demographic characteristics.
Patients
N = 33
First-degree relatives
N = 27
Controls
N = 38
ANOVA Post-hoc
Age
(years)
35.8 ± 10.2 45.3 ± 15.1 39.9 ± 13.4 F2,95 = 4.0
p < .05
Patients-controls
Relatives-controls
Relatives-patients
p = .374
p = .231
p = .016⁎
Gender
(% female)
33.3% 77.8% 44.7% F2,95 = 6.9
p < .01
Patients-controls
Relatives-controls
Relatives-patients
p = .572
p = .018⁎
p = .001⁎
Time to follow-up
(days)
28.6 ± 30.1 10.3 ± 6.1 19.8 ± 19.5 F2,95 = 5.4
p < .01
Patients-controls
Relatives-controls
Relatives-patients
p = .092
p = .081
p = .001⁎
Education
(years)
13.8 ± 3.0 13.8 ± 2.6 13.8 ± 2.6 F2,95 = 0.0012
p > .1
Mean ± Standard Deviation.
⁎ Denotes a significant difference.
Fig. 1. TULIA performance by group and domain for both visits. Higher score indicates
better performance.
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multiple comparisons in correlation analyses (Benjamini and
Hochberg, 1995). Finally, as sensitivity analyses, we removed subjects
who had excessively long time to follow-up (>50 days) and repeated
all analyses, and removed two outliers with extreme improvements in
TULIA and positive symptoms and repeated correlations.
3. Results
3.1. Clinical and demographic data
Groups differed in age and gender but not education. Post-hoc anal-
ysis revealed a significant difference in age only between patients and
first-degree relatives, while first-degree relatives had significantly
higher number of female participants compared to patients and con-
trols. Both differences are due to includingmothers as first-degree rela-
tives (Table 1). Mean time interval between visits was shorter in the
first-degree relatives than patients.
3.2. TULIA change over time
A 3 (Group) x 2 (Domain) x 2 (Visits) repeated measures ANCOVA
(covaried for age and gender) revealed a significant interaction between
Group and Visits (F2, 378 = 3.6, p < .05; Fig. 1). Post-hoc analysis using
the Benjamini-Hochberg procedure indicated lower mean TULIA scores
during the follow-up visit vs baseline for patients (p= .003), but not for
first-degree relatives (p=.428) or controls (p=.462). Additionally, pa-
tients had poorer performance during the baseline visit compared to
first-degree relatives (p = .002) and controls (p < .001). Furthermore,
first-degree relatives had poorer performance at trend level (p =
.051) compared to controls at baseline. Likewise, during the follow-up
visit patients again exhibited poorer performance compared to first-
degree relatives (p < .001) and controls (p < .001). Similarly, first-
degree relatives also displayed poorer performance than controls (p =
.001) during the follow-up visit.
No other significant interactions between Group x Domain, Domain
x Visits, as well as Group x Domain x Visits were observed (all F < 1.5
and p > .28). Moreover, a significant main effect of Group (F2, 378 =
60.5, p< .001) and Domain (F1, 378= 12.6, p< .001) was also observed,
while the main effect of Visits was at trend level (F2, 378 = 3.28, p =
.071). Since the triple interaction was not significant, we refrained
from including categories into the model (quadruple interaction).
3.3. Clinical changes over time
A3 (Group) x 2 (Visit) repeatedmeasures ANCOVA (covaried for age
and gender) revealed a significant main effect of Group and Visit for
both FAB (Group: F2, 378 = 27.0, p < .0001; Visit: F1, 378 = 5.7, p <Please cite this article as: F. Wüthrich, A. Pavlidou, K. Stegmayer, et al., Nonverbal communication remains untouched: No beneficial effect of
symptomatic improvement on poor g..., Schizophrenia Research, https://doi.org/10.1016/j.schres.2020.08.013.05) and DSB (Group: F2, 378 = 35.9, p < .0001; Visit: F1, 378 = 5.6, p <
.05). In contrast, no significant interaction between Group and Visit
was observed for FAB (F2, 378 = 1.7, p = .17) or DSB (F2, 378 = 1.8, p
= .15). Patients performed poorer than controls in both, FAB (p ≤
.001) and DSB (p ≤ .001). Patients also scored lower than relatives in
DSB (p ≤ .001). In contrast, we found no significant differences between
relatives and controls (p= .159) and between relatives and patients (p
= .174) in FAB or between relatives and controls in DSB (p = .989).
In addition, paired t-tests of PANSS in patients revealed significant
improvement in all subscales and total scores (positive T = −3.9, p <
.001; negative T = −4.5, p < .001; general T = −5.3, p < .001, total T
=−5.4, p< .001), aswell as a significant increase in antipsychoticmed-
ication dosage (T = 2.1, p = .047). Means and standard deviations of
clinical measures are presented in Table 2.3.4. Correlations
We calculated the proportional change of individual TULIA scores for
both visits and correlated them separatelywith the proportional change
of FAB, DSB and PANSS (Fig. 2; Supplementary Fig. S1) independently
able 2
linical assessments and characteristics.
Patients
N = 33
Relatives
N = 27
Controls
N = 38
TULIA
Baseline 210.0 ± 21.2 217.6 ± 11.1 225.4 ± 7.9
Follow-up 200.7 ± 25.9 214.8 ± 14.4 227.4 ± 8.1
FAB
Baseline 16.3 ± 1.7 16.7 ± 1.6 17.5 ± 0.7
Follow-up 16.5 ± 2.1 17.4 ± 1.0 17.6 ± 0.6
DSB
Baseline 4.3 ± 1.2 5.2 ± 0.8 5.3 ± 0.7
Follow-up 4.7 ± 1.1 5.5 ± 0.6 5.3 ± 0.8
Characteristics (only patients) Baseline Follow-up
PANSS positive 18.3 ± 6.7 14.1 ± 4.6
PANSS negative 17.7 ± 4.7 15.5 ± 5.3
PANSS general 34.9 ± 8.6 29.5 ± 9.4
PANSS total 71.0 ± 17.4 59.2 ± 17.7
CPZ (mg) 418.3 ± 395 500 ± 472
ean± StandardDeviation; TULIA: Test of Upper Limb Apraxia; FAB: Frontal Assessment Battery; DSB: Digit Span Backwards; PANSS: Positive And Negative Syndrome Scale; CPZ: Chlor-
romazine equivalent.
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for each domain. For imitation, patients showed a significant correlation
between change in TULIA and FAB (r = 0.48, p < .01), as well as DSB (r
= 0.51, p< .001), but not with change in symptom severity. In contrast,
no significant correlation in first-degree relatives or controls was ob-
served (all │r│< 0.22 and p> .15). For pantomime, in patients propor-
tional change correlated between TULIA and FAB (r = 0.55, p < .001),
and positive symptoms (r = −0.47, p = .008), but not for DSB (r =
0.20, p= .28) and negative symptoms (r=−0.01, p= .94). The corre-
lations between proportional changes of pantomime and total PANSS (r
=−0.41, p=.021) and general subscale of PANSS (r=−0.39, p=.03)
were the only correlations with uncorrected p < .05 to not pass the
Benjamini-Hochberg procedure. Similarly to imitation, no significant
correlations were observed for first-degree relatives or controls in pan-
tomime (all │r│ < 0.22 and p > .19). We found no correlations of pro-
portional change of TULIA with time to follow-up in any of the groups
and no correlation of CPZ with time to follow-up or TULIA in patients
(all │r│ < 0.3 and p > .1).Fig. 2. Correlations of proportional change of TULIAwith proportional changes of Frontal Asses
indicates improvement.
Please cite this article as: F. Wüthrich, A. Pavlidou, K. Stegmayer, et al., N
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We removed 4 patients and 2 control subjects who had times to
follow-up longer than 50 days. Results of repeated analyses are pre-
sented in Supplementary Tables S1 and S2, and Supplementary
Figs. S2 and S3. In contrast to our main analyses, mean time to follow-
up of relatives was shorter than those of patients and controls. The re-
peated measures ANCOVA revealed significant main effects for Group
and Domain, but in contrast to our main analysis, the Group x Visits in-
teraction was only at trend level (p = .07). The 3 (Group) x 2 (Visit)
ANCOVA for FAB yielded similar results as before, the ANCOVA for DSB
showed a significant effect for Group, but in contrast to our main analy-
sis, the effect for Visit was only at trend level (p= .07). Paired t-tests in
patients confirmed improvements in all subscales and total score of the
PANSS. Conversely, the increase in medication dosage was not signifi-
cant anymore after removal of patients with time to follow-up >50
days. Correlation analyses without the two subjects with extremesment Battery and Digit Span Backwards by group and domain. Higher proportional change
onverbal communication remains untouched: No beneficial effect of
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correlations, i.e. removal of the outliers rendered the correlation insig-
nificant (Supplementary Table S3).
4. Discussion
The present study investigated short term changes of gesture perfor-
mance in patients with schizophrenia, their first-degree relatives and
healthy controls, as well as their relation to working memory, frontal
lobe function, and psychopathology.
Gesture performance was significantly poorer in patients compared
to the other groups during both visits while relatives performed signif-
icantly poorer than controls during the follow-up visit. Patients were
the only group to show a significant change in gesture performance be-
tween visits with decreased performance at follow-up. Pantomime per-
formance was inferior compared to imitation across all groups and
visits. Patients presented a significant improvement in PANSS scores at
follow-up. In addition, change in gesture performance correlated with
change in frontal function (both domains), and working memory (imi-
tation) in patients, but not in the other groups.
The gradually poorer performance of relatives and patients com-
pared with controls is consistent with our hypotheses. The current re-
sults corroborate previous reports on gesture performance in patients
(Martin et al., 1994; Matthews et al., 2013; Park et al., 2008; Walther
et al., 2013a), and observations in relatives in various other signs and
symptoms of schizophrenia (Allott et al., 2015; Aydin et al., 2017;
Burton et al., 2016; Saleem et al., 2018). Prior studies reported a gesture
deficit in up to 67% of patients with schizophrenia and veritable apraxia
in 27% of patients. They presented errors resembling those in apraxia,
such as body-part-as-object errors or impaired spatial orientation
(Walther et al., 2020a; Walther et al., 2013b).
In line with our hypotheses, no significant training effects were ob-
served in gesture performance across groups. Against our predictions,
gesture performance deteriorated in the patients, while concurrent
symptoms improved. We had assumed that gestures improve with
less psychopathology. Indeed,we founddecreases in positive symptoms
to correlate with improved TULIA performance in our main analysis.
However, a sensitivity analysis showed that the correlation was mainly
driven by two outliers. This large effect of outliersmight be explained by
the high variance in TULIA scores in patients, indicatingmassive hetero-
geneity in the course of gesture performance.
While first degree relatives exhibited a gesture deficit compared
with controls, they showed no significant change in performance and
no correlation of cognitive function and gesture performance, similar
to healthy controls. This observation is in linewith reports on neurolog-
ical soft signs, which change within the course of psychosis but are also
seen in unaffected first-degree relatives (Bachmann and Schroder,
2017; Schappi et al., 2018). Therefore, the gesture performance deficit
may qualify as a behavioral marker of the risk for psychosis.
In accordance with our hypotheses, partial correlations revealed as-
sociations of gesture performance with cognitive function in patients.
Conversely, we did not find any correlations of frontal lobe function
andworkingmemory with performance in controls or relatives. The as-
sociations showed a differential pattern across domains in patients.
Frontal lobe function correlated positivelywith both, imitation and pan-
tomime. However, workingmemory only correlated positivelywith im-
itation, while positive score of the PANSS correlated negatively with
pantomime in our main analysis but not in our sensitivity analysis.
Thus, in general, improved cognitive function predicts better gesture
performance in patients. It remains unclear if ameliorated psychotic
symptoms can predict improvement in gesture performance. Imitation
requires more information to be recalled, e.g. amplitudes, timing, and
speed of demonstrations, possibly explaining its association with work-
ingmemory. In contrast, pantomimedepends on amore elaborate plan-
ning process that could be hampered by psychotic symptoms such as
conceptual disorganization and motor disturbance. The lack ofPlease cite this article as: F. Wüthrich, A. Pavlidou, K. Stegmayer, et al., N
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stable gesture performance in these groups. Furthermore, there was
no association of cognitive abilities at baseline with change of gesture
performance in any of the groups (data not shown).
Patients improved significantly in all subscales of the PANSS be-
tween baseline and follow-up. Since patients were recruited shortly
after admission and received treatment as usual (represented by the
significant increase in antipsychotic dosages), we notice that treatment
generally ameliorated psychotic symptoms. However, as outlined
above, patients showed a deterioration of the gesture deficit despite
the improvement of the psychotic syndrome. Moreover, neither time
intervals between visits, nor dosage of antipsychotics correlated with
the change of performance. This implies that the gesture deficit in
schizophrenia, as represented by TULIA, is a distinct disruption of non-
verbal communication. Given that gesture only improvedwith the ame-
lioration of positive symptoms in some outliers, we suggest that there is
a need for additional, complementary therapies targeting improvement
of (nonverbal) communication and social functioning in patients with
schizophrenia who present a persistent gesture deficit.
Future research will find and evaluate such therapies. Previous find-
ings suggest the importance of motor symptoms, frontal function, posi-
tive symptoms, and working memory for various tests of social
functioning, including gesture performance (Dutschke et al., 2018;
Walther et al., 2020a; Walther et al., 2015; Walther et al., 2013a,
2013b). Novel therapies could therefore either aim at gestures and com-
munication directly or at working memory and motor abnormalities
(Lefebvre et al., 2020). Moreover, brain areas of the praxis network
have been linked to impaired social skills including gesture perfor-
mance and perception (Bohlhalter et al., 2009; Stegmayer et al.,
2016a; Stegmayer et al., 2018; Straube et al., 2014; Viher et al., 2018;
Wroblewski et al., 2020;Wuthrich et al., 2020). Therefore, a possible ap-
proach for new therapiesmight be non-invasive brain stimulation of the
praxis network. Indeed, studies applying transcranial direct current
stimulation (tDCS) and transcranial magnetic stimulation (TMS) to im-
prove gesture performance and processing in healthy subjects aswell as
in patients with schizophrenia have reported promising effects, but
broader evidence is still needed (Bolognini et al., 2015; Schulke and
Straube, 2019; Vanbellingen et al., 2020; Walther et al., 2020b; Weiss
et al., 2013). Psychotherapeutic approaches to improve communication
skills in schizophrenia have been present for decades, but are not com-
monly integrated in standard treatment of schizophrenia and have
strongly focused on verbal communication (Joyal et al., 2016). However,
trainings including nonverbal communication are being developed and
tested (Riedl et al., 2020). Future studies should examine the combina-
tion of brain stimulation and psychotherapy.
Moreover, longitudinal studies of social skills infirst-degree relatives
of patients with schizophrenia are sparse. Finally, longitudinal data on
relatives and CHR individuals might shed light onto the mechanisms
of conversion from predisposition/high risk into psychosis. While al-
tered gesture behavior has been described in CHR individuals
(Millman et al., 2014; Osborne et al., 2017), to date, the predictive po-
tential of deterioration of gesture behavior for subsequent transition
into psychosis remains unknown.
There are some limitations to this study. First, the relatives were sig-
nificantly older and included more females than the other groups be-
cause this group consisted largely of patients' mothers. This ensures
exclusion of subjects at clinical high risk who could later convert to psy-
chosis, potentially biasing the findings. Additionally, we accounted for
the differences by covarying our analyseswith age and gender. Relatives
also had significantly shorter time to follow-up. As there was no associ-
ation of the interval between visits and the clinical variables in any of
the groups, this is unlikely to influence our results. Second, we did not
record extrapyramidal symptoms at both visits. Although change in an-
tipsychotic dosage did not correlate with change in TULIA performance,
we cannot exclude a non-linear increase in (motor) side-effects as a po-
tential cause of deterioration of gesture performance in patients.onverbal communication remains untouched: No beneficial effect of
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ceiling effect. However, ceiling effects seem unlikely considering the
broad spectrum of proportional change that we observed across all
groups. Furthermore, as discussed above, healthy controls showed im-
provement of gesture performance in a TMS-study with shorter assess-
ment intervals of 48 h even in the placebo condition (Walther et al.,
2020b). The lack of training effect is to be attributed to the rather long
interval between baseline and follow up, as well as the complexity of
the task, the low number of repetitions, and the lack of feedback on per-
formance. Consequently, healthy subjects showed no test-retest train-
ing effects in the TULIA after one week in a prior report (Vanbellingen
et al., 2020). Moreover, this study took place in an inpatient setting.
More change and a variable course of symptoms are to be expected
shortly after admission. Therefore, it is unlikely that the decrease in per-
formance continues linearly in a more stable outpatient setting. Indeed,
the fact that therewas no significant change in TULIA performance in a 6
months follow-up (Walther et al., 2016), and amore prominent gesture
deficit in multiple episode compared with first episode patients
(Stegmayer et al., 2016b) suggests either a slow declinewith temporary
disturbances or an episodic developmentwith incomplete remission. Fi-
nally, the gesture deficit is not a universal feature in schizophrenia. De-
pending on cut-offs, it is present in 40–67% of patients (Walther et al.,
2015;Walther et al., 2013a, 2013b). Patients exhibiting a gesture deficit
might particularly benefit from interventions targeting communication
skills. Indeed, patients with gesture deficits tend to have impaired social
skills and eventually, poorer functional outcome (Walther et al., 2016).
Therefore, patients need to be screened and treated for gesture deficits
to effectively improve their outcome and lower the burden of the dis-
ease. However, further research is needed to examine whether gesture
behavior changes over longer periods of time, i.e. years and decades.
5. Conclusion
Gesture performance was gradually poorer between controls, rela-
tives, and patients with schizophrenia. In controls and relatives, gesture
performance remained stable at follow-up. While symptoms improved
compared to baseline, the gesture performance decreased in patients
with schizophrenia. This indicates a distinct disturbance of nonverbal
communication in schizophrenia with insufficient effects of the
standard treatment. Therefore, new therapeutic approaches such as
non-invasive brain stimulation, trainings to improve nonverbal com-
munication or the combination of both should be explored.
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